From the M.R.C. Pneumoconiosis Research Unit, Llandough Hospital, near Cardiff (RECEIVED FOR PUBLICATION APRIL 4, 1951) In an earliet paper (Fletcher and Oldham, 1949) , we reported the results of an experiment in which ten doctors, experienced in the radiological diagnosis of coalworkers' pneumoconiosis, were asked to classify 102 films of coal miners, by degree of abnormality, into five categories. Serious disagreement was found between the readings of different observers (inter-observer error) , and between the first and second readings of the same observers (intra-observer error), and we suggested that such inaccuracies of diagnosis might be lessened by the use of standard films, exemplifying the limits of the categories, which could be used for direct side-byside comparison with the films to be classified. We now report the results of an experiment designed to test the value of standard films for this purpose.
In analysing the results of our previous experiment, we found that although the various readers differed in the quantitative classification of simple pneumoconiosis, it could be shown that on the average their use of the four categories which we had suggested did in fact subdivide the range of abnormality of simple pneumoconiosis, from the earliest detectable change to the most advanced abnormality, into four roughly equal divisions. Moreover, sequential radiographs of the same cases have suggested that progression of simple pneumoconiosis is much more closely related to quantitative increase of radiographic abnormality than to qualitative changes. (Davies, Fletcher, Mann, and Stewart, 1949) . At the Pneumoconiosis Research Unit it was, therefore, decided to use a quantitative classification of simple pneumoconiosis and abandon the use of qualitative terms such as " reticulation ", "stippling", "nodulation ", and so on. The precise basis for this quantitative classification was worked out by Davies and Mann (1948) , and has been more fully discussed by Fletcher, Mann, Davies, Cochrane, Gilson, and Hugh-Jones (1949) . Qualitative differences between various types of films are still recognized, but the main basis for classification is a subdivision of simple pneumoconiosis of coalworkers into four categories, increasing in degree of abnormality, numbered 1 to 4, the figure 0 being reserved for films which are within normal limits. Films showing evidence of progressive massive fibrosis (P.M.F.) are separately classified in four categories A, B, C, and D. This classification has been used by the Pneumoconiosis Research Unit for three years and has also been adopted by the pneumoconiosis medical panels of the Ministry of National Insurance. A closely similar system has recently been recommended by the International Conference of Experts on Pneumocoiiosis (Fletcher, 1950; I.L.O., 1950) .
, From the " Victor Medium " group of films used in our first experiment, standard films were selected according to the classification given during that experiment. A film on which opinion was equally divided between two categories was taken as defining the lower limit of the higher of these two categories. In this way, four films were selected exemplifying the lower limit of categories 1, 2, 3, and 4, and these were used in the routine work of radiographic assessment in the Pneumoconiosis Research Unit.
It was clearly important to assess experimentally the value of such standard films in increasing the accuracy of diagnosis. To this end a group of films was selected and four observers on the medical staff of the Pneumoconiosis Research Unit read them with and without standard films, classifying them according to a number of characteristics. This test is Part I of our experiment. It was in certain respects unsatisfactory and too complicated, so a selection was made from the same group of films, and six observers of the pneumoconiosis medical panels of the Ministry of National Insurance read this shorter series with and without standards using only the simple quantitative classification. This set of readings is Part II of the experiment. 138
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A further short trial of the use of standard films by observers wholly inexperienced in the classification used by the Pneumoconiosis Research Unit was carried out later.
The results of the experiments were less conclusive than had been hoped, but they do suggest that standard films, when properly used, may result in increased accuracy of radiological diagnosis and may assist the inexperienced to use a classification with reasonable accuracy.
Methods: Part I Observers.-Observers W, X, Y, and Z were all members of the medical staff of the Pneumoconiosis Research Unit (P.R.U. Observers). W, X, and Y had had considerable experience in the use of the Pneumoconiosis Research Unit's system of classification of films. Z was well acquainted with the system but had had less experience in its use.
Selection of Films.-We decided not to use the same set of films as in our previous experiment, because these included many films of unsatisfactory technical standard. Moreover, the standard films which we were using had been extracted from the original set, which was thus incomplete. We hoped originally to use the experiment to investigate not only the diagnosis of simple pneumoconiosis but also to test the accuracy of diagnosis of abnormalities of lung markings, emphysema, and the earlier stages of progressive massive fibrosis. For these reasons, we decided to select 120 films falling into the following groups:
(1) Sixteen normal films from men who had never been exposed to a dust risk and had no respiratory symptoms; (2) 16 films of men attending an asthma clinic, who had had no coal dust exposure; (3) 16 films of coal miners who had been exposed to dust inhalation for at least 10 years but whose radiographs still appeared to be within normal limits; (4) 16 films of coal miners with category 1 simple pneumoconiosis; (5) 16 films of coal miners with category 2 simple pneumoconiosis; (6) 16 films of coal miners with category 3 simple pneumoconiosis; (7) eight films of coal miners with category 4 simple pneumoconiosis; (8) would ask for standard 2. If he considered the abnormality to be as great as or greater than that in the standard film, he would diagnose category 2. The standard film category 3 would then be placed on another adjacent screen, so that he could be sure that the abnormality was not as great as the lower limit of category 3. Thus, in the reading of nearly every film, two standards were used for comparison. The second standard was unnecessary when the unknown film was close in degree of abnormality to the first.
In connexion with each film, the observer was asked to state the category of simple pneumoconiosis if this were present. If it was not, he was asked whether he thought that there was any evidence in the film that the man had worked as a miner. (The purpose of this question was to see whether there was any abnormality even earlier than category 1 simple pneumoconiosis by which men with dust exposure could be distinguished from those without exposure.) Finally, he was asked whether there was any evidence of tuberculosis or massive fibrosis, whether the lung markings were abnormal and whether there was any evidence of emphysema. (The findings from these questions will not be reported in the present paper.) The observers' readings were recorded by one of the authors or by an assistant. The films were read alternately in the orders 1-120, and 120-1. The intervals lapsing between the various readings were two to six days.
After the individual readings had been carried out, observers W, X, Y, and Z met together and read the films in consultation using standard films, each film being discussed until agreement was reached. Where one observer insisted on disagreeing with the others, his opinion was disregarded, the majority opinion being accepted. Where there was an equal division of opinion, two observers differing from the other two, both opinions were recorded. This consultative reading was repeated after two days and, finally, W, X, Y, and Z met once more to reconsider those films on which their joint opinion on the two previous occasions had differed. A final agreed opinion was thus reached on every film.
Standard Films.-The standard films used were the "Victor Medium " films selected in the way that has already been described.
A preliminary analysis. of the results of Part I showed that the observers had not all increased their agreement or consistency by using standard films. Nevertheless, their performance was much better than that found in the trial reported in our previous paper. It was thought that this result might be due to the fact that observers were so well acquaintec with the classification and with the standard films that they had a clear picture of them in their minds and thus little further advantage was to be gained from using the actual films themselves.
We therefore decided to extend the trial to other observers without experience of the use of standards. At the same time, we decided to simplify the experiment, for observers W, X, Y, and Z had found it INDUSTRIAL MEDICINE distracting to have to consider localized shadows, lung markings, and emphysema in addition to the category of simple pneumoconiosis, and they had also found 120 films rather more than could be read without fatigue in a single session. This extension of the experiment in a simpler form constitutes Part II.
Methods: Part II Observers.-These were all on the medical staff of the South Wales pneumoconiosis medical panels of the Ministry of National Insurance. They had all been using the P.R.U. method ofclassification for some months.
Since. they were accustomed to reading films in pairs, it was agreed that each " observer " should consist of a pair of doctors working together. These observers are referred to as A, B, C, D, E, and F, or the P.P. observers.
Selection of Films.-On the basis of the final consultative reading of observers W, X, Y, and Z, the following groups of films were selected from the 120 films in Part I: 16 normals (without dust exposure); eight " normal miners ", who were cases that W, X, Y, and Z had agreed to have less abnormality than category 1, but which they considered showed evidence suggestive of dust exposure; 16 cases of simple pneumoconiosis category 1; 16 cases of simple pneumoconiosis category 2; 16 cases of simple pneumoconiosis category 3; eight cases of simple pneumoconiosis category 4; thus making a total of 80 films.
Reading of Films.-The films were placed in the order in which they had appeared in Part I of the experiment but they were re-numbered 1-80. Before the reading, the observers were given the same written definitions of the categories of simple pneumoconiosis that observers W, X, Y, and Z had used. Each observer then read the film in the light of these written definitions but without standard films. Two observers worked simultaneously, the first reading films 1-40 while the second read films 41-80. The first then read 41-80 while the second read 1-40. They were asked to state only the category of simple pneumoconiosis of each film, and the results were recorded by one of the authors or an assistant. An interval of half -an hour followed, and the standard films were demonstrated and discussed. Finally, the reading of the films was repeated in identical order using standard films. On-the few occasions when the doctors comprising each observer failed to agree, the opinion of the senior doctor was accepted.
It might be thought that the short interval between the two readings would have enabled the, observers to remember their previous opinions, but apparently this did not happen. An observer sometimes commented: "I remember this film ", but invariably added, " I wonder what I called it last time
Later the readings without and with standards were repeated after an interval of four weeks in cases of C, D, and F and eight weeks later for A, B, and E. (On the second occasion, the junior doctor of " observer A" was absent on leave so the senior doctor read alone.) group.bmj.com on November 6, 2017 -Published by http://oem.bmj.com/ Downloaded from
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Standard Films.-Since the films were read by two observers simultaneously, it was necessary to have two identical sets of standard films and it was, therefore, impossible to use the same set which had been used by observers W, X, Y, and Z, for, of these, a duplicate existed only of the standard lower limit category 2. The standards used were considered by observers W, X, Y, and Z to correspond very closely to the original set except that the new films of lower limit 1 showed a little less abnormality, and the new films of lower limit 3 had the lung markings a little less obscured. Observers A, B, C, D, E, and F all commented on the extremely small evidence of abnormality in the standard lower limit category 1 which they used, but they accepted the other films without criticism.
In summary then, the differences between Part I and Part II of the experiment were the following.
We shall make the same assumption as in our previous paper, that the best estimate of the " true " category of a-film may be taken to be the category nearest to the mean of the category numbers allocated to the film by all the observers. This will be called the standard category. Since it may be argued that the categories defined in words, and those defined by the standards may differ, a separate calculation of the standard categories was made from the readings with and without standard films. In fact, the standard categories with and without standard films were the same for all but four films.
We may now consider the performance of individual observers and groups of observers by relating the opinions they gave on a film to its standard Table 2 . It is seen that the P.R.U. observers appear mostly to be assisted by standards in the normal films, whereas the pneumoconiosis panel observers are not. In the abnormal films the situation is reversed, the pneumoconiosis panel observers apparently finding the standards a help, the P.R.U.
observers being for the most part unaffected. We shall discuss this finding later. However, we find that very few of the differences that appear can be assumed to indicate real change of performance, and not mere random fluctuations. Only those differences given in italics in Table 2 are statistically significant at the 5%1' level. That is, observer X improved significantly with standards in the " normal miner" films, observer D in category 1 films, and 
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observer A in category 3 films, while observer C was worse with standards in the " normal miner" films.*
The results of the final consultative readings by observers W, X, Y, and Z using standard films, were interesting. The classification they reached only differed from the appropriate standard category in three films (40%). This provides supporting evidence for the view that the standard category, as we have defined it, adequately represents the classification that a film would get if errors of diagnosis were eliminated, that is, the " true" classification.
In Part I of the experiment there were 32 films of men (16 of them clinically quite normal, 16 of them asthmatic) who had never been exposed to an occupational dust-hazard, and can therefore be presumed to be free from pneumoconiosis. The accuracy of consultative reading is suggested again by the fact that none of these films was ever called category 1 pneumoconiosis in a consultative reading, though " evidence of dust exposure " was reported in four of them. Moreover, the final consultative reading even rejected these classifications and classed all the men as absolutely normal. These results and the readings given by observers W, X, Y, and Z on the films of non-miners with and without standards are given in Table 3 . It will be seen that the use of a standard category 1 film reduced the number of times a wrong diagnosis of pneumoconiosis was made by the individual observer, but did not affect the frequency with which a mistaken diagnosis of " evidence of dust exposure " was made. It may also be noted that the " standard" category of the 16 of these absolutely normal films which were included in Part II of the experiment was also always 0, which gives another check on the validity of using this averaging method for determining the " true" category of a film.
According to Fletcher and others (1949) the diagnosis of the earliest stage of coalworkers' pneumoconiosis depends on the detection of characteristic minute opacities. Similar minute opacities are occasionally seen in normal films especially when fine vascular markings run at right angles to the plane of the film. There is a tendency for individual observers to mistake such opacities for evidence of coalworkers' pneumoconiosis. During the consultative readings, however, where one observer suggested such an abnormality in a normal film, one of the others would object, and in the course of critical discussion there was finally a * Each percentage was transformed to a variable x where x = sin-',,/(percentage) and the differences in x were compared with the theoretical standard errors calculated from a2 = 820 7/n where n is the number of films, or from an analysis of variance if this gave a significantly larger standard error.
rejection of all such spurious diagnoses. That experience is important in the use of standard films in the avoidance of these mistakes is shown by the later experiment with inexperienced readers.
Indices of Disagreement.-The effect on agreement between observers of using standard films may be illustrated graphically by using the index ID.* In Fig. 1 Skill.-The average of the indices of disagreement and inconsistency for each observer with and without standards is shown graphically in Fig. 3 (Table 5 compare with Table 2 ), and this despite the fact that they had fewer opportunities for making mistakes since they were only using three categories of abnormality, whereas observers A-F and W-Z were using four categories. On the other hand, with the help of standard films they reached a level of accuracy similar to that of the more experienced observers. Secondly, standard films affected the accuracy of these observers differently in the group of normal films and the group of abnormal films. Standard films reduced their average percentage of mistakes from 52% to 23% in the abnormal films but increased their mistakes from 26% to 43% in the qormal films. In this respect they behaved in a similar fashion to observers A to F but the contrast between the effect of standards in normal and abnormal filns was even more striking. This trend was most marked in the films of " normal miners ". Thirdly, indices of disagreement both with and without the use of standards may be calculated for these observers and for observers A, W, X, and Z, who took part in the experiment described in our previous paper, making the latter comparable by amalgamating their diagnoses of categories 3 and 4. A very rough comparison may be made with a similarly modified index of disagreement calculated from the " Victor Medium " group of films in our previous paper,* excluding for this purpose the normal nonminer films from our present experiment.
This comparison is made in Fig. 4 , in which dotted lines connect the indices of those observers who partook in both experiments. There is no evidence that the more accurate verbal definitions used in the present experiment resulted in increased agreement on classification, the lower indices of observers A, E, Z, W, and X (E, F, C, A, and B respectively in the previous experiment) being possibly due to the fact that they were all to some extent conversant with the method of classification before the experiment took place. The chief benefit of standard films is clearly shown in the reduction of the gross disagreement of the inexperienced observers to levels similar to those of the more experienced.
* Category 1.-In these radiographs a small number of opacities may be seen in at least two anterior rib spaces extending over not more than half of the medial two-thirds of the lung field.
Category 2.-In these radiographs opacities extend over more than half of the medial two-thirds of the lung field, but are sparse or absent in the lateral third.
Category 3.-In these radiographs profuse opacities extend over the whole of both lung fields including the lateral third although they may be sparse or absent above the clavicles. As we pointed out in the discussion in our previous paper, it is dangerous to argue too closely from a particular test on a small number of selected TIhere is probably considerable individual variation in ability to use standard films. Certain readers may never use them easily. For instance, observer W, whose accuracy was the best of the whole group of observers when working without standards, was a quick competent reader and appeared unwilling to change his immediate impression of a film when the standard was presented to him. He appeared to prefer his own mental standard to the objective standard films.
We have observed the high consistency of a consultative reading in which four observers read the films using the standards and discussed each film until they reached agreement. When this consultative reading was repeated on two occasions, and the small number of films on which the two separate readings were different were further discussed until agreement was reached, the final result agreed with the average opinion of all the observers when they were using standards in all but three of the 80 films. Moreover, both the consultative opinion and the standard category gave the correct diagnosis when films which were known to be normal were in question. If it is accepted that the average opinion of a set of observers gives the true category of a film, consultative readings will also tend to give this true category.
We have at present, therefore, adopted the (Fletcher and others, 1949 Again, it has been suggested that progressive massive fibrosis, which is responsible for, the most serious disablement in coal miners' pneumoconiosis, seldom arises in cases with less than Category 3 simple pneumoconiosis. If this were confirmed, and men were removed from dust exposure before they reached this level, they would then be protected from developing the serious disability associated with massive fibrosis (Fletcher, 1950 The experiment fell into two main parts. In the first, experienced readers from the Pneumoconiosis Research Unit took part; in the second, members of the pneumoconiosis medical panels, and in a subsequent extension, observers who had no previous experience of the method of classification.
We have no evidence that increased precision in the verbal descriptions of the categories enabled the observers to classify the films with any greater agreement than had been found in an earlier experiment with less precise definitions.
The use of standards enabled some, but not all of the observers to achieve a greater accuracy and consistency in classification. The least experienced observers benefited most, but they tended to make false diagnoses of abnormality in normal films when,working with standards.. On the other hand, the more experienced readers received greater help in the discrimination of normal films from those with slight abnormality, than in the classification of the more abnormal films. This finding is discussed.
The greatest consistency was achieved by four experienced observers reading in consultation with standard films and their classification agreed very closely with the standard categories derived from averaging the opinions of all the observers.
The chief practical use of standard films appears to be to enable wholly inexperienced observers to use a radiographic classification with an accuracy approaching that of the more experienced observers.
It is suggested that in routine work films should be read by at least two observers on two independent occasions, the films on which the two opinions differ being given a third and deciding reading. Only films of first-class radiographic technique can be used for accurate diagnosis.
We should like to thank all the observers who helped us in this experiment -and also Dr. C. L. Sutherland, Chief Medical Officer of the Pneumoconiosis Medical Board of the Ministry of National Insurance, for agreeing to the collaboration of observers from the pneumoconiosis medical panels.
